This paper investigates how well the gravity model explains various cross-border flows that may lead to knowledge spillovers. It turns out that the model works well for trade and telephone traffic, but less satisfactorily for merger and acquisition flows.
Introduction
This paper investigates how well the gravity model fits three cross-border flows that may lead to knowledge spillovers and productivity growth: trade, telephone traffic, and merger and acquisition (M&A) flows. 1 Because these flows are likely to be endogenous, instruments are needed to identify their effects on income and productivity. Some researchers find that the gravity model produces good instruments for trade and telephone traffic and use the model to identify the effects of trade and telephone traffic on cross-country income and productivity levels (Frankel and Romer (1999) and Wong (2004) ). There is some evidence that distance and a common language also affect bilateral M&A activity (di Giovanni (2005) ). Thus, it is natural to ask whether the gravity model can also be used to identify M&A's effects on income and productivity.
The evidence suggests that the gravity model works well for trade and telephone traffic, but less satisfactorily for M&A flows. In contrast to trade and telephone traffic, the evidence suggests that the missing values in M&A flows are not only pervasive but also non-random. 1 There are various hypotheses about how these flows can lead to technology diffusion. See Keller (2004) for a literature review. For example, in the case of foreign direct investment, multinational enterprises (MNEs) may transfer firm-specific technology to its foreign subsidiaries. MNEs may also generate positive externalities through labor training and turnover (Fosfuri, Motta, and Ronde (2001) ), or through backward and forward linkages (Rodriguez-Clare (1996)). Specifically, technology spillovers may arise if MNEs train local workers, who are later hired by local firms. MNEs may also encourage the production of a greater variety of specialized inputs in the host countries, which in turn promotes the development of higher value-added industries.
Methodology and Results
To compare the performance of the gravity model, I regress the bilateral flows on bilateral geographic, linguistic, and colonial characteristics:
where i refers to the home country and j denotes the partner country. F LOW ij represents either also estimate a Heckman selection model using the two-step estimator and the maximum likelihood estimator (MLE). 2 If the flow data are missing randomly, then the OLS estimates and the Heckman estimates should be similar. Furthermore, the error terms in the outcome equation (1) and the selection equation should be uncorrelated. It turns out that both of these predictions hold for trade and telephone traffic, but not for M&A.
Data and Results
All data come from the year 1999. Columns (1), (4), and (7) of Table 1 report the OLS estimates of equation (1 Columns (2), (5), and (8) of Table 1 report the coefficient estimates of equation (1) using Heckman's two-step procedures. The standard errors of the two-step estimates for M&A increase sharply. As a result, none of the estimates in column (8) are statistically significant at the conventional levels. Similarly, Columns (3), (6) , and (9) report the MLE. While the coefficient estimates from different estimation methods are virtually the same for trade and telephone traffic, they are very different for M&A. This suggests that whether or not M&A flow is observed for a countrypair may not be random. More formally, the parameter ρ at the bottom of Table 1 and statistically significant at the five percent level. In contrast, the correlation coefficient is much smaller and not statistically significant at the conventional levels for trade and telephone traffic. 5 These problems are not unique to this FDI data set. As a robustness check, in results not shown here, I re-estimate the bilateral regression using an alternative FDI data set by the United Nations Conference on Trade and Development (UNCTAD, 2002 (UNCTAD, , 2003 (UNCTAD, , 2004 . I use all available data with positive FDI inflows into countries in East Asia, South Asia, Latin America, Central and Eastern Europe in 1999. There are only 582 observations. Most of the qualitative results on M&A still hold. However, the model still explains only 25% of the variations in FDI, much less than for trade and telephone traffic. To use the gravity model to identify M&A's effect on income and productivity, predicted M&A flows from the gravity model would be used as instruments for actual M&A flows. However, in contrast to trade and telephone traffic, because of selection bias in the observed M&A flows, this approach cannot identify the causal effect of M&A flows; the results would be biased. * significant at 10%; ** significant at 5%; *** significant at 1%.
